SA-TIED is a unique collaboration between local and international research institutes and the government of South Africa. Its primary goal is to improve the interface between research and policy by producing cutting-edge research for inclusive growth and economic transformation in the southern African region. It is hoped that the SA-TIED programme will lead to greater institutional and individual capacities, improve database management and data analysis, and provide research outputs that assist in the formulation of evidence-based economic policy.
Introduction
South Africa has a rich history of publicly available survey data which has been used extensively to study the labour market and, specifically, its gender dynamics (Mosomi 2019) . However, a paucity of firm-level data, and in particular matched employee-employer data, contributes to a number of gaps in the existing South African literature.
The availability of administrative tax microdata (henceforth tax data) has changed the status quo. In 2015, National Treasury (NT), South African Revenue Services (SARS), and UNU-WIDER worked to make tax data available for research in a secure facility in Pretoria. This data has opened new avenues for research across the field of economics. In 2018, SARS derived a gender variable using the South African identity number which is anonymized at SARS before it enters the secure data facility. The addition of the gender variable in the context of the labour market analysis, for the universe of the formally employed, adds a new dimension to the data.
The paucity of matched employer-employee data in South Africa to date has led to labour market research topics such as seasonality of employment, firm-level determinants of wages, worker flows, job churn, tenure, and trade to be underexplored generally. Furthermore, there are few South African studies exploring how gender specifically contributes to our understanding of these matters.
Internationally, administrative data has been used to fill some of these research gaps: in the United States, administrative data has been used to examine hires and separations over time; in the Netherlands, administrative data is used to explain job mobility; and in Spain, administrative data has been used to examine gender wage gaps in the public sector. It is also clear from the international literature that the use of administrative data allows for deeper analysis of the labour market in general and also its gender dynamics. In this paper, we aim to analyse the gaps in the existing literature on gender dynamics in South Africa for areas in which the recently available administrative tax data (Pieterse et al. 2018) can be used to contribute to our knowledge on the experience of women in the labour market.
In Section 2, we provide a brief overview of the strengths and weaknesses of the prominent South African data, as well as an overview of the South African literature relevant to this scoping paper. Section 3 provides an overview of the (SARS) data, the available gender component, and the limitations specific to the tax data. Section 4 highlights areas for future research which have arisen from the availability of the SARS tax data.
South African data and literature
The following section provides a brief outline of some of the research limitations and challenges associated with using survey data. Following this, we provide an overview of the South African literature focusing on the gender dynamics of the labour market.
South African survey data
South Africa has a rich history of publicly available survey data which has been used extensively to study the labour market and, specifically, its gender dynamics. The three key sources of data that have traditionally been used to study women in the labour market are the census, the General Household Survey (GHS) and the Quarterly Labour Force Survey (QLFS), which feeds into the annual release of the Labour Market Dynamics Study (LMDS).
The South African Census has been conducted in 1996, 2001, and 2011 , with plans for additional censuses every ten years (Stats SA 2012) . As is typical of a census, it covers a large sample and is the benchmark for all household surveys conducted by the national statistics office, Statistics South Africa (Stats SA) . 1 Despite the large sample, the infrequency of data collection as well as the extensive delays in releasing a sample of the data for public use makes this an unsuitable data source for researchers wishing to conduct up-to-date analysis. In addition, Casale and Posel (2002) suggest that the census measurement of employment status may be rudimentary as only a few questions in the census are related to the employment activity. As an example of this, the authors point out that no distinction is made between employment in the formal and informal sectors in the census questionnaire.
The GHS is an annual household survey conducted by Stats SA since 2002, replacing the October Household Survey (OHS) which ran from 1993-99. The GHS is available from 2002 until 2017 at the time of writing and covers six broad areas, namely education, health and social development, housing, households' access to services and facilities, food security, and agriculture (Stats SA 2017a) . While some data has been collected on individuals' labour market activities, this survey does not cover a comprehensive range of data related to wages and employment activity.
The Labour Force Survey (LFS) (2000-07) was a bi-annual household survey focusing on labour market dynamics. This became the QLFS in 2008 and is currently on-going. While the QLFS is frequently released and includes data on economic activities, some components of the survey are not released to the public in the quarterly format. Since 2008, the QLFS has been collated into an annual dataset, the LMDS, which includes data from all four quarters of QLFS data for that year. The LMDS also includes a number of variables-including income-which have not been released in the QLFS since 2010 (Stats SA 2017b) . However, there are some delays in releasing the annualized LMDS in comparison with the frequency of the QLFS release-the LMDS has currently only been released up to 2017.
Both the GHS and the QLFS (and relatedly the LMDS) are subject to the usual survey data issues such as non-response and under-sampling. Changes in the questionnaire over time and changes of the definitions of employment are some of the particular issues in the OHS and QLFS data described by Casale and Posel (2002) . In addition, survey data tends to under-report earnings at the top end of the wage distribution, which may be because of missing information on high wage earners in the survey data, reluctance of high wage earners to report their wages, or wage earners excluding benefits such as pension and bonuses from their gross income (Wittenberg 2017) . This may lead, for example, to distortions in measures of income inequality.
An excellent resource for researchers wishing to undertake survey data analysis in South Africa is the Post-apartheid Labour Market Series (PALMS). This is a harmonized dataset containing microdata from 61 household surveys, including the OHS, LFS, and QLFS, and was created by DataFirst at the University of Cape Town. PALMS harmonizes variable definitions across the different surveys to reach the most consistent series possible over the time period. Currently, the dataset contains the harmonized series of labour market data for the years 1993 to 2017.
In more recent years, the National Income Dynamics Study (NIDS) has been used to examine gender differences in income and gender inequality in the labour market (d'Agostino and Scarlato 2016; Posel et al. 2016 ). The NIDS is the first national household panel study in South Africa, with the first survey having taken place in 2008. It is conducted every two years, and the most recent wave to have been released was the fifth survey, conducted in 2017 (Brophy et al. 2018) . The survey covers a wide range of themes, with a focus on labour market and economic activity. This creates a rich dataset of individual and household level history for researchers to study, enabling them to track individuals and their movements in and out of the labour market over time, thereby uncovering the dynamics of labour force participation in South Africa. However, the NIDS suffers from the same survey data issues as the OHS and QLFS, in addition to challenges associated with survey data. Baigrie and Eyal (2014) , who evaluate attrition in the NIDS panel data, write that attrition is the 'Achilles heel' of panel data. Attrition can lead to bias in estimates and can cause complications in weighting the data over time. Baigrie and Eyal (2014) find evidence of differential attrition dynamics for different races, and that there is some evidence of attrition bias in estimated coefficients based on the non-reducing sample when researching the labour market or health specifications. They therefore advise researchers using the NIDS data against generalizing to the overall population without thorough investigation.
There is a general paucity of firm-level surveys in South Africa. Two prominent South African firm surveys are the Quarterly Employment Survey (QES) and the Survey of Employers and the Self-Employed (SESE). The QES is a quarterly enterprise-based survey which collects data on approximately 20,000 VAT-registered private and public enterprises in the formal non-agricultural sector of the South African economy. It is nationally representative and has been conducted since 2004. The survey excludes informal businesses and does not cover the agriculture or domestic services sector. The QES also excludes a description of the unemployed or the employed, their demographic profile, education level, or hours of work. It does, however, contain the number of employees and wage bill in each enterprise. Crucially, the QES is not made publicly available for research. The SESE is a survey of informal firms using the LFS as a sampling frame and has been conducted every four years since 2001 (Stats SA 2013) . The most recent survey conducted in 2017
is not yet publicly available. While SESE contains both firm-and individual-level data, it is a small sample limited to non-VAT-registered businesses.
None of the individual-level surveys described above provide matched employee-employer level data. Some progress has been made on matching informal employers and employees using the SESE 2013 and QLFS Quarter 3 2013 surveys (Fourie and Kerr 2017; Lloyd and Leibbrandt 2016) , and this dataset would complement any matched employer-employee analysis done using the tax data. Overall, there was limited firm-level data available in South Africa before the tax data became available, and no large-scale dataset containing matched employee-employer data. Therefore, while there is a rich analysis of the individual characteristics associated with labour market outcomes in South Africa, there is a paucity of information on firm-side characteristics or the dynamics between the individual and firm.
Overview of South African literature
The following section provides a brief overview of the gender-based South African literature, in order to frame the contribution of the tax data.
Gender, employment, and wages
There have been many studies using survey data to analyse the gender dynamics of employment in post-apartheid South Africa. Casale (2004) shows that, post-apartheid, the South African labour market has become increasingly feminized and argues that factors such as lower marriage rates and changes in household structure may have driven this change. However, this has also led to an increase in unemployment for women, who consistently face higher unemployment rates than men in South Africa. Although women are less likely to be employed than men with the same endowments (Oosthuizen 2006; Leibbrandt et al. 2010 ), Oosthuizen (2006) finds that gender was of decreasing importance for explaining probability of employment between 1995 and 2004. More recently, Kimani (2015) shows that women are less likely than men to transition out of unemployment into employment.
Furthermore, there are a multitude of South African studies that find a gender wage gap between men and women, even after accounting for individual characteristics such as education and age (Burger and Yu 2007; Ntuli 2007; Muller 2009; Casale and Posel 2011) , with the wage gap increasing in the post-apartheid years (Burger and Yu 2007; Ntuli 2007) . The gender wage gap is largest at the bottom end of the wage distribution (Ntuli 2007; Bhorat and Goga 2013) , with pure gender discrimination accounting for most of the gap between the 20th and 50th quantiles (Bhorat and Goga 2013) .
While there is a rich body of literature analysing employment and wages and their gender dynamics, the limitations of survey data as well as the scarcity of firm-level data results in gaps in the literature. Relevant to this scoping paper is the fact that survey data-which represents a snapshot in timedoes not allow for the analysis of seasonality of employment, or the proportion of the year for which an individual is employed. In addition, limitations to survey data including non-response, attrition, or under-sampling may distort existing analysis of the gender wage gap. Finally, while there is much analysis of the individual-level determinants of wages, there is little analysis of the firm-level determinants of wages due to a lack of appropriate data. The ways in which the tax data can be used to fill these gaps is discussed in more detail in Section 4.
Worker flows and labour demand
There have been a handful of studies estimating worker flow, job flow, and job churn in South Africa; they differ in methodology due to differences in the types of data used. Banerjee et al. (2008) use panel household survey data to estimate gross flows over labour market states between 2002-03. They find that 16 per cent of the formal sector in 2002 had transitioned out of this state by 2003, with males and females equally likely to have retained formal employment over the period. As expected, females are more likely than males to transition out of the labour market when leaving formal employment. However, because this data does not link individuals to firms, they cannot measure worker flow (a measure of hires and separations), which is typically defined from the firm perspective. Kerr et al. (2014) use the QES firm data 2 to analyse job creation and destruction from the firm perspective, finding that firms create or destroy around 20 per cent of total jobs in a 12-month period. However, analogous to the above, this study does not include individual information and therefore does not analyse these measures from the worker perspective, whether male or female.
One study which does use matched firm-individual data is Kerr (2018) , who uses the payroll (IRP5) component of the tax data to evaluate worker flows and job churn in South Africa. The author finds that while worker flows are high on average, there is considerable heterogeneity in worker experience by level of earnings and firm type. However, at the time of the study, information on the gender of employees was not available in the data, precluding any analysis on how these measures may differ across gender.
The recent addition of a gender variable in the tax data therefore makes it possible to evaluate job churn and worker flows by gender using matched employer-employee data, something which is yet to be done in South Africa.
Tenure, employment spells, and wages
International studies suggest a positive relationship between tenure and wages but that returns to tenure are higher for men than for women (Munasinghe et al. 2008; Ioakimidis 2012) . The use of administrative data is common when evaluating the relationship between tenure and wages. In South Africa, the unavailability of matched firm-employee data has thus far largely precluded studies of the relationship between tenure and wages for men and women. In addition, the South African data has for the most part not allowed for the examination of the relationship between experience and labour market returns. As a proxy, many studies use a constructed measure of 'potential experience', most often constructed using the individual's age minus their years in education minus six-the age at which most South Africans start school (see, for example, Bosch 2006; Burger and Jafta 2006; Von Fintel 2006; Armstrong 2009; Bhorat and Goga 2012; Magadla et al. 2018 ). However, Keswell and Poswell (2004) argue that 'potential experience' is a poor proxy for tenure, on-the-job-learning, or other measures which it is supposed to shed light on. This is because of the prevalence of grade repetition and job insecurity (Keswell and Poswell 2004 )many South Africans spend extended periods of time unemployed or out of the labour market.
Similarly, survey data does not allow for analysis of job spells without a detailed, retroactive module on employment history. McKeever (2006) uses data including a retrospective employment questionnaire to examine transitions between the formal and informal economy in South Africa. The author finds that, on average, employment spells in the formal sector are longer for men than for women, but he does not conduct an analysis of the relationship between these job spells and wages. In addition, the data covers a small geographical area and is from 1991.
The availability of the SARS firm and individual data therefore allows for the possibility of examining the relationship between tenure, job spells, and wages by gender in the formal sector, using a vast, up-to-date panel of data.
Trade and wages
Several studies analyse the relationship between trade and wages. It is well-documented internationally that exporting firms pay higher wages than non-exporting firms (Bernard et al. 1995; Bernard et al. 2007; Schank et al. 2007 ).
In South Africa, the availability of customs data has recently made it possible to analyse this same relationship. Both Bhorat et al. (2017) and Matthee et al. (2017) , using the tax data, provide evidence for a firm exporter wage premium in South Africa. Similarly, Edwards et al. (2018) find a wage premium associated with trading firms, with the highest premium for firms which both import and export. However, at the time of both these studies, data on the gender of employees was not available.
The depth and breadth of the survey data in South Africa is vast which, despite its shortcomings, has allowed for rigorous analysis of the labour market. Tax data is, in no way, going to take away from the strengths of survey data. However, there have been some limitations to the research using survey data and the hope is that tax data can fill some of these gaps. In Table 1 below, we summarize the papers we have examined in this section by outlining the data used in each of these papers. Internationally, the use of administrative data for empirical research is becoming more common (Card et al. 2010 ). Over and above survey data, administrative data is appealing for research as it offers several advantages. Research using administrative tax records to evaluate public policy has become widespread (Card et al. 2010 ). Einav and Levin (2014) showcase the increase in research papers which obtained an exemption for tax data in the American Economic Review. The number rose from 4 per cent in 2006 to 26 per cent in 2014. This is testament to the world's best economics research increasingly using tax data.
Administrative data offers much larger sample sizes than survey data and can even host the full population of interest. The data is often similar to a census, with almost total coverage of the population in question. The large number of observations in administrative data lends well to a large set of research methods and gives us confidence about the statistical power of the results.
The regular collection of administrative records means that administrative data is longitudinal in nature. This enables reliable policy evaluation as it provides data for before, during, and after policy implementation, enabling long-term follow-up. Slemrod (2016 Slemrod ( : 1003 describes the use of tax data: 'The expanded availability of tax-return administrative data, especially at the population level, has triggered an explosion of scholarly research addressing tax policy, tax administration, and non-tax questions'. Slemrod (2016) further discusses in more detail the advantages and disadvantages of using tax data versus using survey data.
Administrative records can provide more dependable information than survey data (Einav and Levin 2014) . Tax records are often audited, providing an added level of reliability. Technological advances also mean tax forms are sometimes prepopulated with information from employers or information previously provided to the revenue collector. Lastly, the use of administrative data can be less costly than designing surveys and collecting new data.
Disadvantages of administrative tax data
There are, of course, several challenges when using administrative data. The first challenge is that researchers do not collect the administrative data and have no control over what or how the information is collected. Therefore, the data collected might not be suitable for research, and information not required by administrative data collectors may be incomplete or incorrect. This means that tax data often does not include demographic information of taxpayers. This feeds into the second data challenge, namely a lack of theory and research methods to guide the use of administrative data (Wallgren and Wallgren 2007) . This means that information on the how the dataset was constructed is not available through a metadata or data guide, leaving researchers to make their own assumptions about the data, which often cannot be verified.
Thirdly, administrative data gives us information over time through the panel, but the data is drawn at a specific point in time. Any corrections or updates to the administrative data will therefore not be included. Lastly, due to the confidential nature of administrative data, the data is not publicly available. Many research projects using administrative data indicate the examination of the data in a secure facility or where the data has been anonymized for research purposes, or both.
Overview of the SARS administrative tax data
This section provides more specific information about the tax administrative data available for research at the NT in Pretoria. The tax data from SARS is a rich new source of data allowing for new avenues of research. Tax data has been made available to researchers within the National Treasury Secure Data Facility since 2015. Anonymized Company Income Tax, Value Added Tax, Customs, IRP5 and individual tax assessment data is available in the NT Secure Data Facility. The data originates from SARS, where it is anonymized before it is made available to researchers.
IRP5/IT3(a) certificates are submitted to SARS by employers who are registered for pay-as-youearn (PAYE). Since 2011, each employee receiving remuneration is issued with an Employee Tax Certificate by their employer irrespective of amount earned. Employers also issue IRP5 certificates for remuneration to individuals for consulting services or from retirement funds. The certificates contain the income, deductions, allowances, benefits, medical scheme contributions, age and employment period information for each job in the formal economy. Gender and other demographic information is not collected by SARS at the time of submission of the IRP5/IT3(a). Gender in the tax data is derived, and the next section explains how this is done. At the time of writing the IRP5 data is available for tax years 2008-18.
The Company Income Tax-IRP5 (CIT-IRP5) panel 3 is an unbalanced panel created by linking company income tax (CIT) data, employee tax data (IRP5), value-added tax (VAT) data, and customs records from trading firms. The CIT data includes firm-level information such as revenue amounts, tax paid, location, and sector of the firm and is derived from the Income Tax Returns for company forms. The CIT-IRP5 panel matches employer-employee variables from the IRP5 and CIT datasets. The panel includes tax information from 2008-15 and is in the process of being updated to include tax information until 2017. Pieterse et al. (2018) provide a more detailed description of the CIT-IRP5 panel. The authors discuss how the panel was constructed and any biases it might contain, and compare the panel with other data sources. We discuss in Section 4 how gender can be examined at the firm level using this panel
The customs data contains the customs records on the import and export activities of trading firms. These records are available at the transaction level and include a firm-level identifier. Transaction entries typically provide information on the value and quantity of imported or exported goods, the destination or origin of the trade, as well as detailed product codes using the Harmonized System (HS) of the World Customs Organization. This includes the HS4, HS6, and HS8 codes.
Entities that are VAT-registered submit forms to SARS on various schedules depending on the size of the firm. The data includes information on the input and output VAT as well as VAT paid on capital expenditure.
The ITR12 data, or Personal Income Tax Return, is completed by the individual. The data includes all remuneration, deductions, and fringe benefits used to calculate the individual's final tax liability for each tax year. Individuals who receive an IRP5/IT3(a) certificate are commonly prepopulated in the ITR12 return. Individuals will manually include additional income from self-employment, investment income or other sources, and any further deductions. Not all taxpayers are required to complete an ITR12. Taxpayers are required to complete an ITR12 return if they have income above the compulsory submission threshold. The compulsory submission threshold was introduced in the 2008 tax year and was set at ZAR120,000. The compulsory threshold was increased each year until the 2015 tax year and has been set at ZAR350,000 since then.
Gender information from IRP5 can be combined with CIT, VAT or customs data to analyse gender at both the firm and the individual levels. For example, combining the customs data and data on formally employed women allows us to examine the difference in wages for women working in trading firms versus non-trading firms, or the differences between the wages of men and women within trading firms. We explore this idea and other ideas in Section 4 of this paper.
Gender in the tax data
The gender variable only became available in the IRP5 data at the end of 2017. Gender is not a required field on the IRP5/IT3(a) form and is derived from the South African identity number (ID) which includes the individual's gender as the 7th digit. This means that taxpayers without an ID number will automatically be excluded. For example, a foreigner working in South Africa who has no ID number will not have a gender assigned in the tax data. This creates a bias in the gender variable in the tax data. This is something researchers should take into account when conducting any analysis using gender in the tax data.
As the data is anonymized at SARS, the gender variable is derived before the anonymization process. The gender variable is well populated and is described in Table 2 . Source: Authors' own estimates based on IRP5 tax data. Table 2 includes the raw estimates from all the IRP5 certificates in the tax data. This includes the full population of women working in the formal labour market, including both the private and public sectors. The gender of those individuals without a South African ID cannot be specified. For these individuals, we have only a passport number, and they are identified as 'foreigners' in the table above for this reason. The IRP5 data also includes partnerships, share blocks, and other entities which are represented by the non-natural entity's column. For some individuals, there is a missing ID number and passport number, although the data indicates that they are natural persons. These individuals are represented in the 'missing' column in the table. Again, we cannot identify their gender.
In comparison to other datasets, the QLFS Q2 2018 indicates that 43.8 per cent of total employment in South Africa was made up of women. In the 2018 tax year, we identify in the tax data that 43 per cent of the labour force was made up of women. These figures are very close despite the fact that they exclude all foreign workers included in the QLFS.
Limitations specific to the tax data
There are limits to the extent to which the tax data, in its current form, can help to fill the gaps in the literature we identify in the next section. Firstly, for the purpose of studying gender in the labour market, the data does not include education level, occupation, race, or hours worked. These are some of the rudimentary variables required for labour market research in South Africa. Secondly, we can only see those employed in the formal sector. The nature of the data means that all informal workers are excluded from the analysis. Individuals who are unemployed are not observed, so we would not know whether they are employed in the informal labour market, unemployed, or not economically active. Thirdly, there is a lag in the availability of the tax data. Companies, for example, have 12 months from their financial year-end in which to complete their tax returns; thus, some company data may be incomplete. While the tax data is panel in nature, any late submissions or revisions submitted after the data is extracted from SARS will not be in the version of the data used for research.
There is very little scope for changes to the tax form to give us more demographic information. The international literature points to merging tax data with other administrative or, more frequently, survey data. Ideally, tax data would include or could be combined with other administrative data to give us all the information we would need to carry out a complete analysis of gender in the labour market.
Areas for further research using the tax data
The fact that the tax data takes the form of an employee-employer panel makes it possible to examine the relationship between firm characteristics such as firm size and tenure and the gender wage gap. As discussed, there are some limitations regarding the scope gender-based analysis of the labour market using the tax data. This said, there are a number of areas where the tax data can contribute to the existing body of literature.
Worker flows and job churn
There are many examples of administrative data being used to analyse worker flows in countries where this type of data is already available. Administrative data has been used to measure the effect of legislation such as dismissal protection on worker flows (Bauer et al. 2007; Kugler and Pica 2007) . A handful of studies have analysed firm-level job churn and worker flow in South Africa, with only one of these using matched employer-employee data. The recent addition of a gender variable into the tax data therefore makes it possible to evaluate job churn and worker flows by gender using matched employer-employee data, something which is yet to be done in South Africa. A number of inter-related concepts can be analysed using this data, each of which may differ across gender: a) job creation and destruction by firms b) worker flows or the sum of hires and separations 4 c) job churn or worker flows in excess of those created by job reallocation.
The tax data enables an analysis of these concepts, taking into account the available firm characteristics as well as whether these aggregate measures differ by gender.
Tenure, employment spells, and wages
In the United States, administrative data has been used to map the pattern of hires and separations over time, with the job tenure distribution shifting towards longer tenure jobs since 2000 (Hyatt and Spletzer 2016) . Deelan (2012) uses administrative data from the Netherlands to investigate the role of wage-tenure profiles in explaining patterns of job mobility. Administrative data has also been used to examine the effect of job tenure on earnings instability in Italy (Cappellari and Leonardi 2016) . The ten-year SARS panel provides the necessary data to track individuals moving in and out of the formal labour market over time. This will allow for evaluation of tenure, employment spells, and subsequent wages earned, by gender. In particular, the data allows for evaluation of the effect of spells outside of the formal labour market on subsequent wages earned, and whether these effects are similar across men and women. While there is limited data on individual characteristics, the panel nature of the data allows for the use of a fixed-effects model in evaluating the effect of movements in and out of the formal labour market on wages earned. This model controls for individual time-invariant characteristics, such as race. There is also room to examine the relationship between firm tenure and wages for men and women, although the lack of substantial individual-level data may preclude econometric analysis.
It is important to note that any study using the tax data to examine formal sector employment spells and wage suppression will not be able to identify the states a worker flows into or out of when leaving or joining the formal sector, as the tax data does not contain information on what individuals are doing when they do not appear in the formal labour market data.
Seasonality of employment
The tax data makes it possible to measure the seasonality of employment, or the ebbs and flows of employment throughout the year. While survey data will only reveal if an individual was employed within the time period asked about in the questionnaire (usually a week or a month), the tax data allows for an evaluation of the proportion of the year during which men and women are employed in the formal sector. In other words, one can evaluate both the make-up of the formal labour market by gender and the proportion of the year that both men and women spend in formal sector employment. To our knowledge, this is yet to be done on South African data.
The gender wage gap
Administrative data is an ideal source for the estimation of the gender wage gap. In their seminal work, Abowd et al. (1999) use French administrative data to show that there was no evidence of change in the male-female wage gap between 1976 and 1987. Kunze (2005) uses German administrative data to show that the gender wage gap exists from entry into first employment and is a permanent feature throughout the employment lifecycle. Administrative data has also been used to examine wage gaps in the public sector wage premia (Hospido and Moral-Benito 2016) . Bradley et al. (2015) find a substantial gender wage gap in some occupations in the public sector.
If the data in question is rich, it can also be used to answer more targeted questions, such as whether female representation in higher-up positions is related to the gender wage gap. For example, Hirsch (2013) uses a large linked employer-employee dataset made up of both administrative and survey data to show that increasing the female share of management decreases the gender wage gap in German firms. Wittenberg (2017) shows that the QLFS typically under-reports wage income in comparison with the tax data, particularly at the top end of the distribution. Therefore, existing studies of the gender wage gap in South Africa may be underestimating wage inequality between men and women. This discrepancy may be because of missing information on high wage earners in the survey data, reluctance of high wage earners to report their wages, or wage earners excluding benefits such as pension and bonuses from their gross income (Wittenberg 2017) . Because there are large penalties for non-disclosure of income, the tax data includes substantially more complete information on wages earned in the formal labour market at the top end of the distribution. Therefore, studies using this data will be able to undertake a more accurate description of the formal labour market gender wage gap at the top end.
Diaz-Bazan (2015) suggests a methodology to measure inequality which optimally combines household survey information with tax records to construct a complete income distribution. This methodology suggests choosing an income threshold to minimize reliance on household survey data at the bottom end of the distribution, where income data under the threshold is taken from household surveys and data above the threshold is taken from tax records. Typically, this threshold is one where tax fillings become mandatory. This allows the simultaneous use of survey data, which may be more accurate at the bottom end, and tax data, which is likely to be more accurate at the top end of the wage distribution. Hundenborn et al. (2018) use this methodology to combine Personal Income Tax data and data from the NIDS. Combining the two datasets results in a significant decrease in overall inequality of taxable income in South Africa between 2011 and 2014. However, they do not examine individual earnings or report on the gender wage gap using this methodology.
It should be noted, however, that Wittenberg (2017) also finds that the incomes of the selfemployed may be under-reported in the tax data in comparison to the QLFS data, possibly due to non-disclosure to SARS by these individuals of some or all income earned. Therefore, researchers who want to use the tax data to measure the gender wage gap in the formal sector should be aware of these heterogeneous discrepancies in both household survey data and the tax data throughout the wage distribution.
Trade and gender wage gap
While the literature examining the relationship between trade liberalization and wage inequality is not decisive, some literature in developing countries has found that wage inequality tends to increase with trade liberalization (Goldberg and Pavcnik 2007) . In the United States, this has been attributed to a reduction in the relative wages of low-skilled workers (Juhn et al. 2014 ). However, when looking at inequality in wages between men and women specifically, there is evidence that trading decreases the gender wage gap (Black and Brainerd 2004; Juhn et al. 2014 ). Bøler et al. (2015) use matched employer-employee data to study the differences in the wages between men and women in exporting and non-exporting firms in the Norwegian manufacturing sector. They hypothesize that exporting firms require greater commitment from their employees. If women are perceived as less committed than men, this will increase the gender wage gap in exporting firms. They find that the gender wage gap in exporting firms narrows when the paternity leave is increased in Norway-a policy which they argue decreased the commitment gap between men and women in Norway.
The existing South African literature finds a wage premium associated with trading firms. Lepelle et al. (2017) suggest that the welfare effects of exports are not homogeneous between men and women. The literature on trade and gender is conducted at a national level and Lepelle et. al. (2017) introduce regional heterogeneity when considering gender in the labour market. The literature also includes country-level evidence of exports broadening the gender wage (see World Bank 2012 for a detailed summary).
The tax data allows for firm-level employment behaviour to be examined. Combined with the customs data, there is scope for an evaluation of the extent to which trade can create opportunities or improve employment for women.
Firm-level determinants of female employment and wages
There is a host of international literature that uses administrative data to examine the firm-level determinants of wages (Abowd et al. 1999; Gruetter and Lalive 2004; Gürtzgen 2009; Schank et al. 2007; Cerejeira and Guimaraes 2012) .For example, Cerejeira and Guimaraes (2012) use Portuguese administrative data to estimates the employer-size wage effect on returns to unobservable skills and measured human capital. They find that the gender wage ratio does not increase as firm size increases. Del Bono and Vuri (2011) examine the relationship between job mobility and the gender wage gap. They find that moves to larger firms represent by far the main source of gender differences in returns to mobility.
As discussed, there are few studies that analyse the firm-level determinants of employment and wages in South Africa. Furthermore, there is-to our knowledge-no literature on whether these firm-level factors affect men and women differently. The addition of the gender variable to the tax data allows for an analysis of the firm-level determinants of female employment by firms. Furthermore, a fixed-effects regression can be used to evaluate the firm-level characteristics that determine the wages paid to women, holding constant time-invariant individual characteristics.
Conclusion
The availability of the SARS worker-firm panel of administrative tax data creates a unique opportunity to contribute to the literature on the gender dynamics of the labour market in South Africa. The use of administrative data has a number of advantages over survey data, including a large sample size, regular collection, and more dependable data. In addition, the SARS tax data is the first large-scale matched employer-employee panel dataset in South Africa. Therefore, while South Africa has a strong repository of survey data-based supply-level analysis, the paucity of firmlevel data has resulted in limited analysis of demand-side factors affecting women in the labour market.
This paper has identified six areas with scope for further research on the gender dynamics of the formal South African labour market:
1. Worker flows and job churn 2. Tenure, employment spells, and wages 3. Seasonality of employment 4. The formal sector gender wage gap 5. Trade and wages 6. Firm-level determinants of female employment and wages.
While the use of the SARS tax data limits the analysis which can be performed in these areas, there remain a substantial number of areas where the existing South African literature can be enhanced with its use.
